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ABSTRACT. The potential contamination of Toxoplasma gondii and Neospora caninum oocysts in the human environment is a concern from 
the public health viewpoint. However, estimation of their seroprevalences in humans cannot be performed in a manner that distinguishes 
between oocysts and tissue cysts as a source of infection. Rabbits are considered popular pet animals in Japan that can acquire natural 
infections by the aforementioned parasites only through the ingestion of oocysts. Therefore, this study was conducted to estimate the 
seroprevalences of T. gondii and N. caninum in pet rabbits in Japan as an indicator of the possible oocyst contamination in the environment 
surrounding human beings. Serum samples of 337 rabbits were examined by different serological methods. Enzyme-linked immunosorbent 
assays were performed to measure the titer of IgG and IgM antibodies. Samples revealed to be seropositive by ELISA were further analyzed 
by a latex agglutination test, Western blotting and an indirect immunofluorescence assay. The rates of seropositivity for T. gondii were 
0.89% (3/337) and 0.29% (1/337) in IgG and IgM ELISA, respectively. SAG1 and SAG2 were detected as major antigens by the positive 
rabbit sera in Western blotting associated with strong staining observed by IFA in T. gondii tachyzoites. Regarding N. caninum, none of the 
serum samples showed a specific reaction in both Western blotting and the IFA. The results of this study indicate low seroprevalences of 
toxoplasmosis and neosporosis in pet rabbits in Japan, suggesting low oocyst contamination in the human environment.
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Toxoplasma gondii (T. gondii) and Neospora caninum 
(N. caninum) are intracellular apicomplexan protozoa with 
worldwide distributions and are able to infect most warm 
blooded animals and humans, resulting in neuromuscular 
diseases and abortion in different species [37]. In humans, 
T. gondii infection can be life threatening for congenitally 
infected infants and immunocompromised patients as a re-
sult of either acute or reactivated infection [13]. Although 
T. gondii has been known as a causative agent of disease in 
human beings, there are only few reports about natural infec-
tion with N. caninum [16, 28, 38], but there is still concern 
about its zoonotic potential because it was found that it can 
infect nonhuman primates [4, 15].

Although toxoplasmosis and neosporosis are biologi-
cally two distinct diseases, their respective causative agents, 
T. gondii and N. caninum, are structurally, genetically and 
immunologically related parasites [18, 33]. Felids, particu-
larly cats, are the only definitive hosts known to excrete the 
oocysts of T. gondii, while the definitive hosts of N. caninum 

are dogs [13, 15]. The cat or dog can deposit fecal oocysts in 
soil, grass, water or elsewhere. These oocysts are resistant to 
harsh environmental conditions, being an excellent reservoir 
for survival of the parasites. Humans can acquire the infec-
tions through ingestion of oocyst-contaminated soil and wa-
ter and tissue cysts in undercooked meat, by transplantation, 
blood transfusion and laboratory accidents and congenitally 
[13]. Concerning the importance of oocyst contamination, 
Lass et al. [27] detected the presence of T. gondii oocysts 
on fresh fruits and vegetables from shops and gardens, sug-
gesting environmental contamination in Poland. Also, toxo-
plasmosis outbreaks were reported previously and connected 
to water or soil contaminated with oocysts [8, 11]. The risk 
of acquiring T. gondii infection from environmental sources 
versus meat was measured by Munoz-Zanzi et al. [30], and 
the authors detected sporozoite-specific protein (SSP) anti-
bodies in sera of 43% of recently infected pregnant women 
in Chile, implying the significant risk of the contaminated 
environment, which was almost equal to the hazard of meat 
containing the parasite cysts. In Japan, the seroprevalence 
of T. gondii antibodies was found to be 10.3% in pregnant 
women [34], while another report showed 5.4% IgG anti-
T. gondii antibodies in HIV patients [31]. Moreover, ocular 
toxoplasmosis was diagnosed through detection of T. gondii 
DNA in ocular fluid taken from patients [36].

Rabbits can acquire T. gondii or N. caninum infec-
tions only through ingestion of sporulated oocysts of the 
aforementioned parasites, with the exception of possible 
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congenital transmission from rabbit dams to their fetuses 
[40]. Contamination of the environment with oocysts shed 
by the definitive hosts is considered a potential risk for both 
humans and other animals [9, 12, 15, 37]. Although a few 
studies have been conducted to assess the level of oocyst 
contamination in Japan, some were conducted to estimate the 
seroprevalences of T. gondii or N. caninum in cats and dogs 
to evaluate such danger. The seroprevalence of T. gondii in 
domestic cats in Japan was previously reported to be 20.7% 
(40/193) [25] or 5.4% (78/1,447) [29]. The seroprevalence 
of N. caninum infection was also examined, and among 
1,206 dogs, 126 (10.4%) were found to be positive for N. 
caninum infections [26].

Clinical toxoplasmosis in rabbits has been reported in var-
ious countries, such as Scandinavian countries [17, 24] and 
the U.S.A. [14]. The latter study reported fatal toxoplasmosis 
in three domestic rabbits in the U.S.A. Also, the prevalence 
of T. gondii in rabbits and its biological circumstances have 
been emphasized by many epidemiological studies, such as 
in Spain [1], Egypt [3], Mexico [2], Korea [35] and China 
[42].

In the present study, we are reporting the first seropreva-
lence study of T. gondii and N. caninum in pet rabbits in 
Japan. This investigation was performed with multiple tests 
based on the serological assay. IgG and IgM ELISA tests 
were performed using parasite lysates and recombinant pro-
teins. Further analyses were done by latex agglutination test 
(LAT), Western blotting, immunoprecipitation and indirect 
immunofluorescence assay (IFA).

MATERIALS AND METHODS

Samples: Serum samples were taken from 337 pet rab-
bits presented to 34 veterinary facilities in different 20 pre-
fectures in Japan [22]. Healthy rabbits were brought to the 
veterinary clinics for either general health checks or other 
disease conditions. Among the rabbits, 54% were clinically 
healthy, and 29% were suffering from neurological disor-
ders. The rest showed variable clinical conditions, such as 
embraced tumors or disorders of the digestive, respiratory or 
urinary systems. Ophthalmic and dermatological conditions 
were also involved. The examined rabbits ranged in age from 
3 months to 10 years old, and the average age was 3.4 years. 
The breeds of the tested rabbits and their numbers were as 
following: 16 Holland Lop, 28 Netherland Dwarf, 3 Lion, 
9 Angora, 3 Rex, 2 Dutch, 1 American Fuzzy Lop, 1 Jersey 
Wooly, 272 others and 2 unknown rabbits. All rabbit serum 
samples referred to our laboratory had been tested to assess 
the seroprevalences of T. gondii and N. caninum antibodies.

Parasites: T. gondii (RH and ME49 strains) and N. cani-
num (NC1 strain) tachyzoites were maintained in human 
foreskin fibroblast (HFF) cells cultured in Dulbecco’s Modi-
fied Eagle’s Medium (DMEM, GIBCO, Grand Island, NE, 
U.S.A.) supplemented with 7.5% heat-inactivated fetal bo-
vine serum (FBS). For purification and lysis of tachyzoites, 
the infected cells were washed with cold phosphate-buffered 
saline (PBS). Cell pellets were resuspended in medium and 
passed through a 27-gauge needle and then through a 5.0 

µm-pore filter (Millipore, Bedford, MA, U.S.A.). After cen-
trifugation at 2,000 × g for 5 min at 4°C, the pellet was resus-
pended with RIPA buffer (50 mM Tris-HCl, pH 7.5, 150 mM 
NaCl, 1 mM EDTA, 0.25 mM sodium deoxycholate, 0.1% 
Triton X-100 and 1% Nonidet P-40). The tachyzoite lysates 
were recovered after centrifugation at 2,000 × g for 5 min.

Recombinant protein production: Recombinant proteins 
of T. gondii surface antigen 2 (TgSAG2) and N. caninum 
surface antigen 1 (NcSAG1) were generated according to 
previous reports [20, 21].

Generation of polyclonal anti-TgSAG2 antisera: Poly-
clonal anti-TgSAG2 antisera were produced in BALB/c 
mice. Immunization of mice was performed as described 
previously [10]. In brief, mice were immunized subcutane-
ously at three different inoculation sites with 10 µg of re-
combinant TgSAG2 protein emulsified with an equal volume 
of Freund’s complete adjuvant. Two weeks later, mice were 
immunized with the same dose of antigen emulsified with 
Freund’s incomplete adjuvant. Another dose of the antigen 
with the incomplete adjuvant was given on day 28. Seven 
days later, mice were sacrificed under isoflurane anesthesia, 
and blood was collected for serum extraction. The reactivity 
of the sera collected was tested using Western blotting. The 
experiments were conducted according to the guidelines for 
the Care and Use of Laboratory Animals issued by Obihiro 
University of Agriculture and Veterinary Medicine.

ELISA: One hundred microliters of antigen (either 
tachyzoites lysate or recombinant protein) in a coating buf-
fer (50 mM carbonate, pH 9.6) at concentration of 2 µg/ml 
were coated onto ELISA plates (Nunc, Roskilde, Denmark) 
and incubated overnight at 4°C. Plates were washed 5 times 
with PBS containing 0.05% Tween 20 (PBS-T) and blocked 
with PBS containing 1% skimmed milk (PBS-SM) for 1 
hr at room temperature (RT). After washing with PBS-T, 
100 µl of rabbit serum diluted at 1:500 with PBS-SM were 
added to duplicate wells and incubated for 1 hr at RT. After 
washing 5 times with PBS-T, the plates were incubated with 
horseradish peroxidase (HRP)-conjugated anti-rabbit IgG 
(GE Healthcare UK Limited, Buckinghamshire, U.K.) or 
IgM (SouthernBiotech, Birmingham, AL, U.S.A.) diluted 
at 1:2,000 with PBS-SM at RT for 1 hr. Plates were further 
washed 5 times before the substrate solution [0.1 M citrate 
buffer, pH 4, 0.003% H2O2 and 0.3 mg/ml 2, 2’-Azino-bis 
(3-ethylbenzothiazoline-6-sulfonic acid); Sigma-Aldrich] 
was added to each well in 100 µl aliquots. The absorbance 
at 415 nm after 30 min of incubation at RT was measured 
using an ELISA reader (Corona microplate reader MTP-120; 
Corona, Tokyo, Japan). The cutoff point was determined as 
the average value of seronegative rabbit samples (n=24) plus 
3 SD. All samples were examined at least twice to obtain 
reproducible data.

Latex agglutination test: The LAT was performed accord-
ing to the kit manufacturer’s instructions (Toxocheck-MT, 
Eiken Chemical, Tokyo, Japan). Samples were considered 
positive when agglutination was observed at a dilution of 
1:32 or greater.

Western blot analysis: Lysates of T. gondii (RH strain) and 
N. caninum were dissolved in sodium dodecyl sulfate poly-
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acrylamide gel electrophoresis (SDS-PAGE) sample buffer 
(62.5 mM Tris-HCl, pH 6.8, 2% SDS, 140 mM 2-mercapto-
ethanol, 10% glycerol and 0.02% bromophenol blue) heated 
at 95°C for 5 min and separated on a 12% polyacrylamide 
gel. All separated proteins were electrically transferred onto 
polyvinylidene fluoride (PVDF) membranes (Immobilon-P 
Transfer Membrane, Millipore, Billerica, MA, U.S.A.) using 
a Western blot apparatus (HorizeBlot Type AE-6677, ATTO 
Bioscience & Biotechnology, Tokyo, Japan). After block-
ing for 1 hr in PBS-SM, membranes were probed with the 
rabbit serum diluted at 1:500 with PBS-SM for 1 hr. The 
membranes were washed 3 times for 10 min with PBS-T and 
then probed with HRP-conjugated anti-rabbit IgG diluted 
at 1:2,000 in PBS-SM for 1 hr at RT. After washing with 
PBS-T, the membranes were immersed in the detection solu-
tion (0.1 M Tris, pH 8.5, 1.25 mM luminol acid, 0.2 mM 
coumaric acid and 0.075% H2O2) and exposed to X ray film. 
Prestained molecular mass standards (GeneDireX, Biospeed, 
Las Vegas, NV, U.S.A.) were used.

Immunoprecipitation: One hundred micrograms of 
T. gondii lysate were mixed with 2 µl of either seronega-
tive or seropositive rabbit serum and kept on ice for 1 hr. 
Twenty microliters of protein G sepharose (GE Healthcare, 
Uppsala, Sweden) were added to each sample and rotated 
at 4°C for 1 hr. Beads were washed 5 times with PBS, and 
then protein samples were separated on 12% polyacrylamide 
gel and electrically transferred onto PVDF membranes. 
Mouse monoclonal anti-SAG1 antibodies (Anti-T. gondii 
clone TP3, Advanced Immunochemical Inc., Long Beach, 
CA, U.S.A.) or mouse polyclonal anti-SAG2 antibodies 
were used to probe the membranes at a dilution of 1:500 
in PBS-SM. After washing 3 times with PBS-T, membranes 
were probed with HRP-conjugated anti-mouse IgG diluted 
at 1:2,000 in PBS-SM incubated for 1 hr at RT. Detection 
was performed as described above for Western blotting.

Indirect immunofluorescence assay (IFA): The indirect 
immunofluorescence was performed as described previously 
[39] with some modifications. Glass coverslips with conflu-
ent monolayers of HFF cells were infected with T. gondii 
(ME49 strain) and incubated in a CO2 incubator for 24 hr 
at 37°C. After washing 3 times with PBS, cells were fixed 
and permeabilized with 4% formaldehyde and 0.2% Triton 
X-100 in PBS (pH 7.2) for 15 min. Cells were then washed 
3 times with PBS and blocked for 30 min in 3% BSA/PBS. 
Coverslips were incubated with rabbit serum samples diluted 
at 1:100, 1:500 and 1:1,000 in 3% BSA/PBS. Mouse anti-
T. gondii inner membrane complex (IMC1) antibodies were 
used for counterstaining. After washing 3 times with PBS, 
coverslips were incubated with Alexa Fluor 594-conjugated 
goat anti-rabbit IgG and Alexa Fluor-488 conjugated goat 
anti-mouse IgG (Invitrogen) diluted at 1:1,000 in 3% BSA/
PBS. Coverslips were washed twice in PBS and once in dis-
tilled water. Mowiol (4.8 g Mowiol, 12 g glycerol in 50 mM 
Tris HCl, pH 8.5) was used as a mounting medium. Samples 
were examined on a Leica TCS NT Confocal Laser Scanning 
Microscope (Leica Microsystems, Wetzlar, Germany) using 
the appropriate settings. Green and red fluorescence and dif-
ferential interference contrast (DIC) images were recorded 

using the Leica PowerScan software.
Statistical analysis: The results of the different serologi-

cal tests were estimated by the percentage of agreement, the 
sensitivity and specificity and the kappa values using (http://
vassarstats.net/).

RESULTS

Detection of specific antibodies raised by natural infec-
tions of T. gondii or N. caninum: To assess the presence 
of toxoplasmosis or neosporosis in pet rabbits, IgG and 
IgM ELISA tests were carried out to screen all rabbit sera 
(337) using tachyzoites lysate of T. gondii or N. caninum 
and TgSAG2 or NcSAG1 recombinant protein as antigens. 
Seropositive samples were further examined by LAT, West-
ern blotting and IFA. For T. gondii, IgG-ELISA identified 9 
positive sera according to the calculated cutoff value (0.6), 
6 samples scored an OD value below 1, 1 sample scored an 
OD value between 1 and 2, and the remaining 2 sera had 
OD values of more than 2. Only one sample was found to 
be positive in the IgM ELISA (Table 1). All rabbit sera that 
showed positive reactivity with lysate antigen were also re-
active with the recombinant protein. Sample that scored OD 
values below 0.6 (328) were considered negative by ELISA 
test.

To include a wide range of samples, the latex agglutina-
tion test was applied to all samples that showed an OD value 
above 0.3 (35/337) using the recommended dilutions. Ag-
glutination was observed only in 3 samples (OD value above 
1) at dilutions of 1:2,048 and 1:128 (Table 1), while the 
remaining 32 samples did not show any agglutination and 
were therefore considered negative. In addition, all samples 
that showed OD values above the ELISA cutoff point (0.6) 
were analyzed by Western blotting and IFA. Both tests re-
sulted in 3 positive sera that had shown positivity also in 
the LAT (Fig. 1A lanes 1–3 and Fig. 3 rows 1–3). We found 
that the only serum samples that scored ELISA OD values 
higher than 1.0 were detectable by LAT, Western blot and 
IFA (3/337).

On the other hand, when rabbit samples tested for the 
presence of N. caninum antibodies, although IgG-ELISA 
showed 10 cases over the cutoff value (0.6), 9 of them had 
OD values below 1, and one case had an OD value between 
1 and 2 (Table 1). No specific band or reactive staining was 
observed for N. caninum in both Western blot and the IFA.

Detection of specific antigens in sera of naturally infected 
rabbits with T. gondii: In Western blotting, positive sera gen-
erated multiple distinct bands between 14 and 130 kDa (Fig. 
1A). Certain protein bands were noticeably common in all 
positive sera at 30 and 22 kDa, the same molecular weights 
as the SAG1 [6] and SAG2 [32] antigens. To confirm this, 
Western blot analyses were performed to compare the sizes 
of identified bands in the sera of infected rabbits with the 
mouse anti-SAG1 monoclonal and anti-SAG2 polyclonal 
antibodies. Clearly equal bands were detected at 30 and 
22 kDa (Fig. 1B). Further confirmation was performed by 
immunoprecipitation using seropositive and seronegative 
T. gondii rabbit serum samples that were tested previously 
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by ELISA and LAT. Both SAG1 and SAG2 proteins could be 
precipitated by positive sera (Fig. 2). The staining pattern in 
the IFA of positive sera showed a strong signal on the surface 
of the parasites (Fig. 3).

The results of ELISA, IFA and Western blot were statisti-
cally calculated to obtain the specificity and sensitivity and 
the kappa value to assess their ability to detect T. gondii 
antibodies in rabbit sera in comparison with the LAT as a 
reference test (Table 2).

DISCUSSION

Rabbits are especially popular as pets in Japan; dogs and 
cats may be the most frequent household animals, but the 
popularity of rabbits is increasing. Therefore, their health 
status is also important to consider. Moreover, questions 
often arise concerning the hazards in the surrounding envi-

ronments for both pet rabbits and the people around them. 
T. gondii and N. caninum are protozoan parasites known to 
infect humans and animals [12, 37]. Human beings can be 
infected with T. gondii and possibly with N. caninum [16, 
28, 38] by ingestion, the major route, of either oocysts in 
contaminated food and water or meat containing the parasite 
cysts. The ability to distinguish whether the original infec-
tion was by tissue cyst or oocysts and discover whether the 
outcomes are different is a great concern nowadays. Because 
cats and dogs are so abundant in the environment and indeed 
are increasing, contamination of the human environment 
with oocysts will continue to increase, and exposure will 
be unavoidable. Furthermore, recent studies reported that 
the majority of congenital infections and postnatal acute 
infections in the United States originated from oocysts [5], 
and this will increase the concern about the severity and 
outcomes of infections primarily induced by oocysts. Be-
cause the oocyst is the only source of infection in rabbits, pet 
rabbits are considered good indicators for assessment of the 
oocyst contamination in the human environment. Therefore, 
in view of the worldwide importance of these parasites and 
their infective stages, the seroprevalences of both T. gondii 
and N. caninum in pet rabbits were estimated in this study.

Fig. 1. Western blot analysis. A) Lanes 1, 2 and 3 represent sero-
positive rabbit samples for T. gondii. Lane 4 represents a seronega-
tive sample. The analysis was performed by using an equal volume 
of purified T. gondii tachyzoite lysate of the ME49 strain as the 
antigen. B) Specific bands of SAG1 can be observed at 30 kDa 
(left panel), and those of SAG2 can be observed at 22 kDa (right 
panel). Lane 1 shows seropositive rabbit sample naturally infected 
with T. gondii. Lane 2 shows mouse anti-SAG1 monoclonal (left 
panel) and mouse anti-SAG2 polyclonal (right panel) antibodies, 
respectively. Purified T. gondii lysate of the ME49 strain was used 
as the antigen.

Fig. 2. Immunoprecipitates of either seronegative (lane 2) or 
seropositive (lane 3) samples reacted with either the mouse 
anti-SAG1 monoclonal antibody (left panel) or mouse anti-
SAG2 polyclonal antibody (right panel). Lane 1, T. gondii 
lysate. The black arrow represents the specific band of SAG1 
(left) and SAG2 (right) precipitated only by the positive sera. 
Arrowheads represent IgG heavy (upper) and light (lower) 
chains, respectively.

Table 1. Results of the serological tests performed on sera from pet rabbits

Tested parasite No. of rabbits
ELISAa) IgG ELISA IgM

LATc) Western blot IFAd)Abs (OD)b) Abs (OD)
0.6–1 1–2 ˃ 2 0.65–1 1–2 ˃ 2

T. gondii 337 6 1 2 0 0 1 3 3 3
N. caninum 337 9 1 0 0 0 0 Not determined 0

a) ELISA: Enzyme-linked immunosorbent assay. b) OD: Optical density. c) LAT: Latex agglutination test. d) IFA: Indirect immuno-
fluorescence antibody assay.
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Serodiagnostic tools are important methods for detecting 
parasitic infections; one of these tools is the ELISA using 
tachyzoite-derived antigens or generated recombinant pro-
teins [7, 19]. In this study, IgG and IgM ELISAs were used 
to analyze all rabbit sera by using the whole tachyzoites-
derived antigen of either T. gondii or N. caninum. The use 
of such antigens may produce false positive results due to 

cross-reaction with other closely related parasites [23] or 
unknown reasons. To validate our results, ELISAs based on 
the recombinant proteins TgSAG2 and NcSAG1 were also 
carried out. Similar data were obtained, indicating that in 
this case, the antigenicity of the recombinant proteins did 
not show any difference compared with the lysates. There-
fore, it was necessary to perform other tests, such as the LAT, 

Fig. 3. IFA. Detection of specific antibodies in RH strain tachyzoites of T. gondii. Rows 1, 2 and 3 represent T. gondii-
seropositive samples (left panel, red). Row 4 represents a seronegative sample. The mouse anti-T. gondii IMC1 antibody 
(green) was used for counterstaining.
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Western blotting and IFA. These three tests identified only 
three positive sera that previously showed OD values >1 in 
the IgG ELISA.

Also, we identified SAG1 and SAG2 as major antigens 
detected by the positive rabbit sera. These findings were 
confirmed by Western blotting and immunoprecipitation, 
as shown in the results. Although the TgSAG2 recombinant 
proteins have already been established as specific antigens 
for diagnosis of T. gondii via ELISA [20], our results con-
firmed that SAG1 and SAG2 can be used as useful target 
antigens for specific testing of rabbit sera to detect T. gon-
dii infection by other serological methods. Concerning N. 
caninum antibodies in rabbit sera, although ELISA detected 
10/337 positive sera, Western blot and the IFA did not reveal 
any positivity.

Therefore, it could be plausibly accepted that toxoplasmo-
sis was not common and that neosporosis was not prevalent 
among pet rabbits in Japan. Additionally, in this study, we 
compared the positivity of the results between the ELISA 
and the other serological methods. The rabbit sera tested by 
ELISA showed 2.67% positivity for T. gondii and 2.96% for 
N. caninum. However, the seropositivity was only 0.89% for 
T. gondii and 0% for N. caninum using Western blotting or 
the IFA. Therefore, it is reasonable to accept that using more 
than one method in serodiagnosis is recommended for ac-
curate investigation.

Since we used different tests here for serological detec-
tion, it was important to emphasize the capability of each 
test. Therefore, the results of ELISA, IFA and Western blot 
were statistically compared with those of the LAT as a ref-
erence test for detection of T. gondii antibodies (Table 2). 
Among the tests used, the ELISA showed a higher positive 
rate of detection of T. gondii-specific IgG antibodies than the 
IFA and Western blot (Table 1). Although ELISA achieved 
very high sensitivity in detection (100%), the six negative 
samples that were detectable by ELISA and not by LAT 
resulted in 98% specificity for ELISA. The kappa value of 
0.49 could be interpreted as a moderate level of agreement. 
While, the sensitivity and specificity of the IFA and Western 
blot were both 100% when the LAT was used as a reference 
test associated with high agreement indicated by maximum 
kappa value (1) as summarized in Table 2. Therefore, we 
could conclude from this analysis that the LAT, IFA and 
Western blot had similar capabilities for detection of T. gon-
dii antibodies in rabbit sera. However, the availability of 
these tests for rapid screening is not similar, because the IFA 

and Western blotting are more sophisticated techniques that 
might not be applicable to large number of samples or as a 
field test. Moreover, both tests were unable to detect the anti-
body titer, while the LAT is convenient, more applicable and 
provides the advantage of both qualitative and quantitative 
assessment of the infection status. Concerning N. caninum, 
the results of ELISA and Western blot showed 97% and 
100% specificity, respectively, when the IFA was used as a 
standard test, while the sensitivity could not be calculated 
(data not shown).

In reference to the seroprevalence of T. gondii in rabbits in 
different countries, tested domestic rabbits reared on farms 
and in backyards and pet shops in northern Mexico showed 
that antibodies to T. gondii were found in 16.3% of 429 rab-
bits [2]. In Korea, a similar type of rabbits was surveyed 
from breeding farms, and 10.6% of them showed T. gondii-
specific IgG antibodies [35]. In Egypt, high seroprevalences 
of T. gondii were also detected, 37.5% and 11.34%, in locally 
bred and commercial rabbits [3]. In the studies described 
above, the high seroprevalences of T. gondii infection could 
be correlated to factors, such as rearing outdoors or in a pet 
shop, feeding of possibly contaminated vegetables and co-
habitation with cats or dogs.

Additionally, considerably high prevalences could also be 
found in free domestic or wild rabbits in other countries. For 
example, in China, the seroprevalence of T. gondii antibod-
ies was 23.4% in free domestic rabbits from a rural area [42]. 
Also, a study in Spain [1] reported 14.2% T. gondii positivity 
among 456 wild rabbits captured or hunted from forests. On 
the other hand, a study on wild Cottontail rabbits in Northern 
Italy mentioned low prevalences of both T. gondii and N. 
caninum infections, 2.08% and 2.78%, respectively [41].

In the present study, the seroprevalence of T. gondii was 
0.89% in pet rabbits of Japan. Referring to the previously 
mentioned studies performed on domestic or wild rabbits, 
results cannot be directly compared, although the suscep-
tibilities were quite similar because the rabbits were from 
the same species. It is important to consider the surrounding 
environment and rearing conditions of the examined rabbits 
in this study. In general, wild rabbits or even domestic rab-
bits that are reared or have access to the outdoors might be 
more susceptible to such parasitic infections than pet rabbits 
confined indoors, bearing in mind the risk of direct contact 
with the contaminated environment. In Japan, rabbits are 
considered pets and are mostly kept indoors or in cages as 
in a zoo. Although they are sometimes given time to range 

Table 2. Specificity and sensitivity of the ELISA, IFA and Western blot in detect-
ing T. gondii-specific antibodies in rabbit sera compared with the results in the 
reference LAT test

Parameter
Value of performed serological tests compared with the LAT

ELISA IFA Western blot
Sensitivity (%) 100 (9/3) 100 (3/3) 100 (3/3)
Specificity (%) 98 (328/334) 100 (334/334) 100 (334/334)
Concordance (%) 98.2 100 100
Kappa value 0.49 1 1
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freely outside, this is different to some extent from the case 
of domestic farm rabbits reared for meat purposes and to a 
great extent from wild rabbits. Given the unavailability of 
data concerning recovery of oocysts of the aforementioned 
parasites from the human environment, little is known about 
their potential hazards.

In conclusion, the present study indicates that there is 
probably a low level of oocyst contamination in the human 
environment according to estimation of the prevalences of 
toxoplasmosis and neosporosis in pet rabbits. We concluded 
that T. gondii was not common among healthy pet rabbits and 
those suffering from neurological disorders. Furthermore, as 
far as could be checked, there were no apparent N. caninum 
infections in pet rabbits. Assessment of contamination of 
the surrounding environment with oocysts of the parasites 
and its implications for humans and other animals requires 
further attention and investigation.
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